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PURPOSE

To determine the erosion resistance of the clay-like material
(weathered shale) located in the proposed unlined emergency spillway
charnel at Narrows Dam when subjected to water velocitles of 2 to 16

feet per second.

Note. Frosion testing of earth samples is a new kind of testing
for the Hydraulic Laboratory, and the equipment and procedures used
are experimental.

CONCLUSIONS

1. Most of the material that will be removed by a glven water
velocity 1s swept away within 4 minutes.

2. The clay 1s removed in flakes and swall pieces which break
off along natural seams and fractures, and there is no appreciable
tendency for it to wash off in small particles.

3. The clay will vithstand volocitles up to 8 feet per second
without excessive erosion. Velocities of 12 to 16 feet per second will
ceuse excessive erosion,

4. When this clay is weathered by laboratory wetting and drying
cycles and tlien subjected to velocities as low as 1.5 feet per second,
the weathered portion of the specimen washes away immediately.




RECOMMENDATIONS

1. If erosion tasts are to bYecome a part of the standard labora-
tory investigation of earth materials, test equipment should be devel-
oped that will measure the rate of erosion on a quantitative rather
than qualitative basis.

2. Develop a standerd test procedure to better compare the
erosion resistance of various materiaels, This will require, in part,
erosion tests on several different earth samples.

INTRODUCTION

Narrows Dam is a proposed earth-fill structure to be built across
the South Platte River about 10 miles northwest of Fort Morgan,
Colorado. To avold uanecessary expenas on the structure, 1t was sug-
gested that the conventlionsl concrete spillway be designed to accom-
modate only the normal pesk discharges which occur on the river. An
emergency splllway, consisting of an unlined channel cut. through the
clay-like materisl which exists at the site, would be provided to
pass the excess water at the higher flood flows. In order to deter-
mine the feaslbllity of the suggested design and the dimensions re-
quired to pass the flood watars, the Dams Divislon requeasted informa~
tion concerning the weater velocities which the earth materlal in the
emergency spillway could withstand without eroding excessively.

Therefore, an undisturbed earth sample (Earth Materials Laboratory
No. 9B-1040) was procured at the site from Test Pit No. 3 at an eleva-
tion of 4373.7 feet and shipped to the Earth Materials Lahoratory in
Denver. Two specimens were cut from the sample and erosion tesis
wore conducted by the Hydraulic Laboratory.

DESCRIPTION OF THE SAMPLE

The sample was a hard, moist, easily fractured, slick, tan-colored
clay (weathered shale) containing a few large gypsum crystals. There
were many small fractures in the sample and one large fracture zone
near a corner. ~ :

APPARATUS AND TEST PROCEDURE

A schematic diagrem of the erosion test apparatus is shown in
Figure 1. Water was supplied through a 6-inch standard pipe and a
transition section to the 1l6-inch wide by 66-inch long test chute. A
valve was provided to regulate the discharge and a flow straightener
was placed downstream from the valve to insure smooth, straight flow




into the test section., The water entered the chute i1n a uniform
stream 2 Irches deep, and the elope of the chute was adjusted at the
different velccities to maintain this depth over the full length of
the specimen. The velocity of the water over the test specimen was
determined by measuring with a Venturil meter the quantity of water
flowing, and dividing this quantity by the oOrcss-ssctional area of
the flowing water in the chute of the test appuratus. The water
discharged freely from the end of the chute and was returned to the
supply channel by a trough. The floor of the test box was made
adjustable to permit moving the specimen to keep 1ts top surface
level with the chute floor as the specimen was washed away. To avoid
surges and excessive velocitles over the specimen when the flow was
started, an obstruction was placed across the downstream end of the
channel, the chute flooded to a depth of 2 inches, and the control
valve slowly opened while the obstructlion was removed. A final ad-
Justment of the valve established the desired water velacity over the

specimen.

Two test specimens approximately 8 inches thick, 10 inches wide,
and 20 inches long were prepared from Sample No. 3B-1040 by the Earth
Materials Laboratory for the erosion tests conducted by the Hydraulic
Laboratory. One of these specimens was placed in . the test box with
the slde which was uppermost in the field on top in the box and level
with the floor of the chute. The space between the sample and the
sides of the box were filled with sand to within one-half inch of the
chute floor. Modeling clay was then pleced in the remaining space to

form, as nearly as possible, a smooth continuous transition from the
floor to the top surface of the specimen (Figure 2A).

Visual means were used to Judge the erosion on the specimens,
and photographs are presented in this report showing the conditions
as the test progressed. In several instances epproximate measure-
ments were made to supplement the photographs. At the time of this
writing, a feaslble method of determining the guantity of material
removed in the erosion ‘process had not been developed. Weight measurs-
ments could not be used because a large change in moisture content
occurs in the materisl during the tests. Volume measurements could
not be used because some materiels (particularly clay) swell when
water 1s absorbed. Material collection methods wers restricted be-
cause equipment was not avallable which could filter out the finer
material dislodged from the specimen and still pass the large quan-
titles of water used. In addition, the small size of the specimens
tested probably prevented a close similarity of the conditions which
occur in the field. Therefore, the results presented in this report
are qualitative only, and using the laboratory test results to pre-
dict field results must be done with care.




The test esquipment was capable of producing water velocitiss of
L.5 to 19.5 feet per second, and the selecsion of the velocities used
on a specimen depended upon the nature of the mmterial. It was impers-
tive to selecc an initial velocity low enough to prevent extensive
damage to the specimen before adequate data could be taken, while on
the other hand, time would be waeted by starting with velocities too
low., The velocitles used on the Narrows specimens ranged from 2 to
16 feet per second,.

FROSION TESTS

The first erosion test wae conducted using a water velocity of
2 feet per sscond. Conslderable clay was lmmedlately dislodged from
the specimen 11 flakes and small pleces which broke away along netural
seams end fractures. This actlon continued at a decreasing rats for
about 4 minutes. After this time, only an occasional flake was carried
away. There was no noticeable tendency for the clay to dissolve and
wash away. After 1 hour and 40 minutes' operation, the flow was stopped
and the specimen examined. The reglons where the pleces were dlslodged
were well defined, occurring along seams and fractures, and were eroded
a marimum of flve-eighths inch below the other portions of the specimen
(Pigure 2B). A close examination of the "uneroded" material revealed
that extremely thin, minute flakes spproximately one-thirty-second inch
in diameter had besn removed from the specimen. However, the clay dis-
lodged by this action was negligible. )

Successlve tests were made using velocities of L, 6, and 8 feet
per second for durations of 1 hour, 1/2 hour, and 1/2 hour, respectively.
All tests were made on the same speclimen and the cumuletive erosion at
the completion of each run is shown in Figures 3A, 3B, and 4, respeoc-
tively. The erosion acticn at these higher velocitles was similar to
that for the 2-foot per second veloclty whereby nearly all the clay re-
moved was swept away in pleces during the first 4 minutes of operation.
The maximum depth of erosion was 1-3/8 inches while the average depth
for the specimen was one-half inch.

After completing the 8-foot per second test, the surface of the
specimen was raised 2 inches above the chute floor and then cut and
trimmed down to the floor level, thereby obtaining & amooth surface
(Figure 5A). Water was passed over this new surface at velocitiles
ranging from 12 to 16 feet per second for a total duration of 3 minutes.
Considerable clay was dislodged fram the specimen, most of it being in
irregular pieces 2 to 3 cubic inches in volume, The maximum depth of
eroslion was 2-3/% inches while the average depth was l-l/h'inches. One
.portion of the specimen, however, remained unaffected by the flow
(Figure SB).
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To determine the effect water will have when flowlng over
weathered areas of thls clay, a test was made using the second speci-
ment cut from the original sample. This block was placed 1n the test
box and exposed to alternate 1/2-howr wetting ani 3-day drying periods
for a total of 4 weeks. At the end of this time, the surface of the
specimen was weathered to a depth of about 1 inch and when dry, re-
sembled a dried, cracked mud flat (Figure 6A). Water was passed over
this specimen at a velocity of 1.5 feeit per second. Immediastely the
weathered clay began to wash off in quantities great enough to color
the water an opagque brown. Only 2 minutes were required to remove
the weathered materisl and at the end of this time the water was shut
off., Numerous small loose pleces which would bte swept away by higher
veloclty flows were found scattered over the surface of the specimen.
Several mica deposits were found protruding above the specimen surface
as they had been unaffected by either the weathering process or the
flowing water (Figure 6B). Further erosion on the specimen would have
occurred In the same way as in the tests on the first specimen, and
therefore the testing was discontinued.
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B. Erosion after 1 hour and 40 minutes' exposure at 2 fps velocity.

Flow was fram left to right.

EROSION ON TEST SPECIMEN RO. 1
FROSION TESTS ON NARROWS DAMSITE SAMFLE MO. $B-1040




A. Erosion after 1 hour and 40 minutes' exposure at 2 fps, and
1 hour at 4 £ps velocity.

B. Frosion after 1 hour and 40 minutes' exposure at 2 fps, 1 hour
at 4 fps, and 1/2 hour at 6 fps velocity.

Flow was fram left to right.

EROSION ON TEST SPECIMEN KO. 1
FROSION TESTS ON RARROWS DAMSITE SAMPLE MO. SB-1040
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Frosion after 1 hour and 40 minutes' exposure at 2 fps, 1 hour 0
to 4 fps, 1/2 hour to 6 £ps, and 1/2 hour to 8 fps velocity. o
nE

Flow was from left to right. =

AROSION ON TEST SPECIMEN NO. 1
FROSION TESTS ON NARROWS DAMSITE SAMPLE NO. GB-1040




Erosion after 1 hour and 40 minutes' exposure at 2 £ps, 1 houwr
to 4 fps, 1/2 how- to 6 fpe, and 1/2 hour to 8 fps velocity.

Flow was fram left to right.

EROSION OR TEST SPECIMEN MO, 1
EROSION TESTS ON NARROWS DAMSITE SAMFLE FO. gB-104LO
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A. Appearance of Test Specimen No. 1 after being trimmed 2
to a new surface for high velocity tests.

B. Frosion after 3 minutes' exposure at velocitles ranging from
12 to 16 fps.

Flow was from left to right.

EROSION OR TEST SPECIMEN NO. 1
EROSION TESTS ON NARROWS DAMSITE SAMPLE WOo. 9B-1040




Appearance of Test Specimen No,

2 after

B. FErosion after 2 minutes! exposwre at 1.5 fps velocity,

Flow was from left to right,

EROSION ON TEST SPECIMEN NO. 2
EROSION TESTS ON NARROWS DAMSITE SAMPLE FO. 9B-1040




